Background: Colorectal cancer (CRC) is a neoplasia with high incidence and mortality rates. It had been suggested that the inflammatory response is an important CRC prognostic factor. The disordered and accelerated proliferation of neoplastic cells decreases the oxygen and nutrient supply, generating a microenvironment characterized by hypoxia, necrosis and inflammation. This study aimed to evaluate the impact of factors associated with hypoxia, such as HIF1A (hypoxia-inducible factor 1-alpha) and VEGF (vascular endothelial growth factor), and with lipid metabolism, including PPARG (peroxisome proliferator-activated receptor-gamma), LXRA (liver X receptor-alpha) and LXRB (liver X receptor-beta), on the overall survival (OS) of CRC patients. Methods: This was a cohort study of 101 patients with high-risk stage II-III (TNM) CRC located above the peritoneal reflection. They were treated between 1990 and 2004 at the AC Camargo Cancer Center. Immunohistochemical analyses of HIF1A, VEGF, PPARG, LXRA and LXRB protein expression were performed using tissue microarrays (TMAs). Results: There was an association between the presence of vascular invasion and the lack of VEGF expression (p = 0. 028) as well as with positive HIF1A expression and lymphatic invasion (p = 0.045). The 5-year and 10-year OS rates were 76.6% and 60.2%, respectively. Patients with PPARG-positive tumors had a higher OS (p = 0.018). There were no correlations between the positive expression of VEGF, HIF1A, LXRA or LXRB and OS. The Cox regression model demonstrated that the risk of death was 2.72-fold higher in patients with PPARG-negative tumors (95% CI = 1.08-6.85). Conclusion: The PPARG expression was an independent prognostic factor for CRC tumors and might be used for risk stratification to stage II and stage III CRC patients.
Background
Colorectal cancer (CRC) is a neoplasia with high incidence and mortality rates [1, 2] , and the elucidation of the mechanisms of carcinogenesis and tumor progression has contributed to the development of novel treatment strategies. The disordered and accelerated proliferation of neoplastic cells during tumorigenesis and tumor progression reduces oxygen and nutrient supply, thereby generating a microenvironment characterized by hypoxia, necrosis and inflammation. Hypoxia promotes inflammation, and the inflamed tissues become even more hypoxic. Under normal oxygen concentrations, HIF (hypoxia-inducible factor) is inactive; however, HIF1A (hypoxia-inducible factor 1-alpha) is activated in response to hypoxia in the tumor microenvironment [1] [2] [3] .
In addition to hypoxia, low local glucose levels, low pH, high levels of oxygen free radicals, and the influx of neutrophils and macrophages are features of inflamed tissues. Interdependence between innate immunity and hypoxic responses has been demonstrated, where by HIF regulates innate immunity by promoting the bactericidal activity of phagocytic cells and stimulating the immune response in dendritic cells, mast cells and macrophages [4] .
Low cellular oxygen levels are a key stimulatory signal for angiogenesis. VEGF (vascular endothelial growth factor) is one of the major hypoxia-regulated angiogenic factors [1] . HIF1A activates VEGF expression, and together they regulate angiogenesis [5] .
PPARs (peroxisome proliferator-activated receptors) and LXRs (liver X receptors) are also involved in inflammation and immunity [6, 7] . PPARs are nuclear receptors that regulate the transcriptional activity of factors involved in inflammatory and immune responses. PPARG (peroxisome proliferator-activated receptor gamma) is expressed in monocytes, macrophages, T cells, dendritic cells, skeletal muscle cells, adipocytes and gastrointestinal epithelial cells. It is involved in several biological processes, including lipid and glucose homeostasis, adipocyte differentiation and inflammation [6, 7] .
LXRs are nuclear hormone receptors that regulate the metabolism of cholesterol and fatty acids as well as the innate immune response, wherein they modulate the release of IL (interleukin) and TNF (tumor necrosis factor) by macrophages [8] . Synthetic LXR agonists that promote tumor cell apoptosis were shown to inhibit tumor growth in breast and prostate cancer studies [9] . Furthermore, it has been demonstrated that LXRA (liver X receptor alpha) activation inhibits dendritic cell maturation and then compromises the antitumor immune response [10] . Interestingly, both LXRA and PPARG increase VEGF expression in a HIF1A-independent manner [11, 12] .
Although the expression of HIF1A and VEGF and the role of PPARs and LXRs have been assessed in some tumor types, there have been few studies demonstrating their clinical value in solid tumors [5] . In the present study, immunohistochemical analyses were performed to evaluate the expression of factors associated with hypoxia (HIF1A and VEGF) and lipid metabolism (PPARG, LXRA, and LXRB) and to ascertain their association with prognosis in CRC patients.
Methods
Retrospective analysis was performed on a cohort of patients with high-risk stage II and stage III CRC located above the peritoneal reflection who were treated from 1990 to 2004. Patients with inflammatory bowel disease or hereditary CRC were excluded. The study cohort consisted of 101 consecutive patients who had available samples; from this total, 49 patients presented with high-risk stage II CRC (pT4, CEA > 10 ng/ml, G2/G3, presence of lymphatic and vascular invasion and/or the presence of perineural invasion), and 52 patients presented with stage III CRC.
To construct the Tissue Microarray (TMA), sections were stained with hematoxylin-eosin (HE) and histologically examined by light microscopy to identify and mark the representative tumor areas. Then, the chosen area was marked on the corresponding paraffin block (donor block). Using the tissue microarrayer, tissue cylinders with a diameter of 1.0 mm were punched from these marked areas and transferred into a new paraffin block (recipient block). Each case was analyzed in duplicate: two cylinders were obtained in two distinct and representative tumor areas for each case. Histological sections of these blocks were obtained for immunohistochemistry. A coordinate system from Excel tables was used to determine and precisely identify the cases within the TMA, and a liver tissue cylinder served as the reference.
The following specific antibodies were used in this study: anti-LXR alpha (clone PPZ0412, Abcam, Cambridge, MA, USA; 1:1000; nuclear staining pattern; control = normal colon), anti-LXR beta (clone K8917, Perseus Proteomics, Cambridge, MA, USA; 1:1600; nuclear staining pattern; control = normal colon), anti-PPAR gamma (clone H1a67, Neomarkers, Fremont, CA, USA; 1:100; nuclear staining pattern; control = normal lung), anti-HIF1 alpha (polyclonal, Abcam, Cambridge, MA, USA; 1:50; cytoplasmic and nuclear staining patterns; control = breast cancer), and anti-VEGF (clone VGI, Dako, Tokyo, Japan; 1:100; cytoplasmic staining pattern; control = tonsil). The staining was evaluated by means of light microscopic examination and interpreted by pathologist who was blinded to the clinical information. The results were determined using Rajkumar score, resulting from the product of the score for the fraction of positive cells (range, 0 to 4 [0, < 10% of positively stained cells; 1, 10% to 25%; 2, 26% to 50%; 3, 51% to 75%; and 4, > 75%]) and the score for staining intensity (range, 0 to 3). Tumor cases with scores of 8 or higher were classified as positive and the ones with scores lower than 8 as negative [13] .
Descriptive statistics were used to characterize the cohort. Chi-square and Fisher's exact tests were used to analyze the associations, Student's t-test and the Mann-Whitney test were used to compare the continuous variables, and ANOVA and the Kruskal-Wallis test were used to compare the continuous variables across multiple groups. The Kaplan-Meier method was used to estimate the probabilities of overall survival (OS) and disease-free survival (DFS). The log-rank test was used to analyze the differences between the survival curves. Multivariate analysis was used to predict the combined effect of independent variables using a Cox proportional hazards model. The significance level was set at 5% for all the statistical analyses.
This study was approved by the ethics committee of the institution (number 1459/10).
Results
The distribution of the clinical and histopathological variables and the frequency of HIF1A, VEGF, PPARG, LXRA and LXRB expression are shown in Table 1 and Fig. 1 .
There was an inverse correlation between the absence of VEGF expression and the presence of vascular invasion (p = 0.028), and HIF1A expression was correlated with the presence of lymphatic invasion (p = 0.045). No correlations were Table 2) .
The median follow-up was 78 months (range, 0.3 to 237 months), with a median OS of 34.6 months and a median DFS of 21 months (range, 7.4 to 62.8 months). The 5-year and 10-year OS rates were 76.6% and 60.2%, respectively, and the 5-year and 10-year DFS rates were 79.3% and 66.4%, respectively.
Patients with PPARG-positive tumors had increased 5-year and 10-year OS rates compared with patients with PPARG-negative tumors (83.5% vs. 70.4% and 75.9% vs. 52.6%, respectively; p = 0.018, Fig. 2 ). There were no correlations between VEGF, HIF1A, LXRA, or LXRB expression and OS ( Table 3) .
The multivariate Cox regression analysis revealed that the following independent prognostic variables were associated with the risk of death: age > 65 years ( Fig. 3 ).
Discussion
There is evidence that the inflammatory response is associated with prognosis in CRC patients; this prompted an analysis of the expression of signaling molecules and/ or transcription factors that modulate the inflammatory response as well as hypoxia (HIF1A and VEGF) or lipid metabolism (PPARG, LXRA and LXRB) [4, 6, 7, 9] .
HIF1 is an important transcriptional regulator involved in regulating energy metabolism and the adaptation to cellular stress caused by oxygen deficiency. HIF1 is composed by two units, HIF1 alpha (HIF1A) and HIF1 beta (HIF1B). Under normal oxygen conditions, HIF1A expression is undetectable. [1] In our study, HIF1A expression was observed in the majority of the CRCs and was associated with lymphatic invasion. However, the association between HIF1A expression and high risk of death or reduced survival was not found. HIF1A has been showed to be over-expressed in various human malignant tumors as a result of intratumoral hypoxia associating with treatment failure and higher mortality of the patients [1, 5] . Considering the fact that higher HIF1A levels promote tumor progression its inhibition may represent an intriguing therapeutic target for these patients. Angiogenesis is a complex process, which involves the formation of new vessels from the preexisting blood vessels. These new vessels supply nutrients to the tumor, promoting cancer survival, growth, and dissemination. This process involves numerous factors; VEGF and its signaling are considered as one of the most important [14] .
VEGF has been the most widely studied biomarker in predicting response to antiangiogenic treatment. Associations between the efficacy of antiangiogenic treatments and circulating VEGF levels have been reported in several phase II studies. These have shown that the elevated levels of VEGF have been associated with a poor prognosis but do not predict response to antiangiogenic treatments, such as bevacizumab [15] [16] [17] . In our study we found VEGF expression in more than 80% of the CRC samples, and there was no association between VEGF expression and survival.
PPARs comprise a family of nuclear receptors with several functions, including regulating the immune response and trigger antiproliferative and pro-apoptotic signaling in epithelial cells [6, 7] . Fujisawa et al. demonstrated that inhibiting PPARG expression with a selective antagonist promoted the formation of intestinal colonic polyps in rats [18] .
In our study, patients with PPARG-negative tumors had a decreased OS and DFS. The multivariate analysis revealed that the risk of death was 2.72-fold higher in patients with PPARG-negative tumors, suggesting that the absence of PPARG expression is a poor prognostic factor for CCR patients. Consistent with our results, Ogino et al. [19] and Pancione et al. [20] also detected a correlation between the lack of PPARG expression and poor prognosis in patients with CRC. Furthermore, a study performed by Pancione et al. [21] demonstrated that lower PPARG levels were associated with increased macrophage infiltration and increased expression of cyclooxygenase-2 and NK-κB, reinforcing the role of PPARG in the antitumor immune response.
Protective functions have consistently been reported for LXRs in a variety of diverse cancers. Specific LXR activation leads to anti-proliferative effects in CRC cells [22] . Several mechanisms have been proposed for these LXRmediated effects. For instance, cell cycle inhibiton [23, 24] , induction of apoptosis [25] , and ligand deprivation have all been described [26] . Our results showed expression of LXRA in less than 50% of the cases. In the other hand, LXRB expression was observed in almost all cases. These results are intriguing and further studies are needed to identify the related molecular mechanisms and their relationship to colorectal carcinogenesis.
Conclusion
The role of the inflammatory response markers as a prognostic factor in patients with CRC is of great interest due to the high incidence of this disease and the large number of affected patients. Among the studied biomarkers (HIF1A, VEGF, PPARG, LXRA and LXRB), the PPARG expression was an independent prognostic factor in patients with stage II and high-risk stage III colorectal cancer. 
